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Abstract 
Time interval between the incident and scattered photon in Raman effect and absorption of 
photon and emission of electron in photoelectric effect has not been determined till now. This is 
because there is no such high level instrument discovered till now to detect time interval to such 
a small level. But this can be calculated theoretically by applying a basic principle of physics like 
impulse is equal to the change in momentum. Considering the collision between electron and 
photon as perfect inelastic collision in photoelectric effect, elastic and inelastic collision in 
Raman effect and elastic collision in plane mirror reflection and the interaction between electron 
and photon as strong gravitational interaction we calculate the required time interval. During 
these phenomena there is lattice vibration which can be quantized as phonon particles.  
Keywords: Photon absorption and scattering; Phonon; Strong gravity 
PACS: 25.20.Dc; 63.20.-e 
1. Introduction 
In photoelectric effect [1–4], electrons are emitted from matter as a consequence of their 
absorption of energy from electromagnetic radiation, such as ultraviolet radiation or x-rays. 
Many attempts have been made to measure the time taken by electrons to absorb enough energy 
from the light to escape from the matter. But no detectable time lag has been found so far [5,6]. 
According to the photon interpretation of the photoelectric effect, there will be no appreciable 
time lag between light striking the surface of the matter and the start of photoemission. The 
electrons absorb the energy from the light beam nearly instantaneously. From experiments 
Atkinson [7] showed that the excitation of an atom takes place in less than 1010− s. Brandl [6] 
theoretically calculated the absorption time is roughly 22103/1 −× s. But such a short time interval 
could not be measured experimentally so far. Therefore it is of special interest to study such 
phenomenon both theoretically as well as experimentally. 
The Raman effect [8–12] has a tremendous impact on the natural sciences. In Raman 
effect, photons are scattered from an atom or a molecule. Due to the interaction of light with 
different elementary excitations in solids, Raman spectroscopy is used to study different solid 
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state properties like lattice vibration (phonons), charge carrier dynamics and electronic structure, 
spin dynamics and magnetic order (magnons) [13–15]. Recently [16], Raman effect is discussed 
in femto- and attosecond time scales. But the time interval between incident and scattered photon 
in Raman effect is not measured so far. Similarly when light is incident on a plane mirror, it is 
reflected back obeying the rules of reflection [3]. The time interval between interaction of photon 
and electron in plane mirror reflection is also not measured so far.  
In this paper, we calculate time interval between the incident and scattered photon in 
Raman effect, time interval between the absorption of photon and emission of electron in 
photoelectric effect and the time interval between the interaction of photon and electron in plane 
mirror reflection theoretically by considering the interaction between electron and photon as 
strong gravitational interaction [17,18]. Generally strong gravity acts at the level of elementary 
particles. Unlike the universal gravitational constant G, the strong gravitational constant Γ  
depends on the type of objects. Tennakone [17] has treated the electron and the proton as black 
holes in the strong gravitational field and calculated the strong gravitational constant as:  
21328 skgm109.3 −−×=Γ . In [18], the author has found 21332 skgm1077.2 −−×=Γ  by studying 
strong gravitation which plays an important role in the stability of elementary particles. 
This paper is organized as follows: by considering the interaction between electron and 
photon as strong gravitational interaction, we calculate the time interval between the incident and 
scattered photon in Raman effect in Section 2. In Section 3, we calculate the time interval 
between absorption of photon and emission of electron in photoelectric effect. In Section 4, we 
calculate the time interval between interaction of photon and electron in plane mirror reflection. 
During these phenomena there is lattice vibration which can be quantized in terms of phonon 
particles. Then we present our conclusions in Section 5.  
2. Time interval between incident and scattered photon and lattice vibration 
in Raman effect 
Electrostatic energy of electron is finite because radius of electron is finite [17]. The extension of 
charge distribution inside the electron which interacts with each other are not able to hold 
together. In order to prevent the explosion of the electron, non-electromagnetic forces are 
required. To overcome the electrostatic repulsion among the distributed charge inside the 
electron, strong gravitational interaction is required. Considering the interaction between electron 
and photon as strong gravitational interaction, we can calculate the time interval between the 
incident and scattered photon in Raman effect [19]. In Raman effect, the photon is scattered by 
an electron of the atom. As we know impulse is equal to the change in momentum of the photon 
which can be given by the equation  
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In equation (1), Γ represents the strong gravitational constant, em  represents the mass of the 
electron, 21,νν  are the frequencies of photons incident and scattered respectively, t∆  is the time 
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interval between the incident and scattered photon, eR  is the radius of the electron, h  is Planck’s 
constant and c is the speed of light. In the LHS of equation (1), 221 / ee Rc
h
m
νΓ  represents the 
strong gravitational force between electron and photon and 2
2
1
e
e
R
t
c
h
m ∆Γ ν
 represents the impulse. 
The RHS of equation (1) represents the change in momentum of photon ( )( )chch // 12 νν −− . 
Here we consider the maximum scattering of incident photon i.e. by 1800. Equation (1) can be 
written as: 
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where 1λ  and 2λ  are wavelengths of the incident and scattered photon respectively. From 
equation (2) we get           
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Using 213321077.2 −−×=Γ skgm  [18], for X-rays 0201 100,1 Α=Α= λλ  [20], mRe 151082.2 −×=  
and kgme
311011.9 −×=  [21] we get st 23109464.0 −×=∆ . Again for 01 100 A=λ  and 
0
2 1.0 A=λ  we get st 20109463454.0 −×=∆ . i.e. in Raman effect, when the photon gives energy 
to the electron, time interval of interaction is less but when it takes energy, time interval of 
interaction between electron and photon is more.  For elastic collision 21 λλ =  and we get 
st 23108908.1 −×=∆ . 
 During this phenomenon there is lattice vibration which can be quantized as phonon 
particles [22]. Applying conservation of momentum for the three particles i.e. incident photon, 
scattered photon and the phonon, equation can be written as 
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where pλ  is the wavelength of the phonon particle. Equation (4) can be simplified into  
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In equations (4) and (5) ±  sign indicates the creation and absorption of phonon particle in the 
lattice vibration respectively. 
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3. Time interval between absorption of photon and emission of electron and 
lattice vibration in photoelectric effect 
In the same way considering strong gravitational interaction between electron and photon in 
photoelectric effect, we can calculate the time interval between absorption of photon and 
emission of electron in photoelectric effect. We know that impulse is equal to the change in 
momentum, which can be written as: 
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In equation (6), v is the velocity of emitted electron, ν is the frequency of photon absorbed. In 
the LHS of equation (6), 22 / ee Rc
h
m
νΓ  represents the strong gravitational force between electron 
and photon and 2
2
e
e
R
t
c
h
m ∆Γ ν
 represents the impulse. The RHS of equation (6) represents the 
change in momentum ( )( )chvme /v −− . For 04500A=λ  and v sm /104 5×=  [21], we get 
st 2110349838.2 −×=∆ .  From equation (6), it is clear that t∆  depends upon the velocity of 
emitted electron and frequency of absorbed photon.  We change the frequency from infrared to 
gamma rays i.e. 1410  to 2210  Hz and velocity from 0 to ~ 610 m/s we get t∆  varies in between 
0.9454 2310−× s to 1.6463 2010−× s. In photoelectric effect, time interval of interaction between 
electron and photon decreases with the increase in frequency or energy of the photon. 
During this phenomenon there is lattice vibration which can be quantized as phonon 
particles [22]. Applying conservation of momentum for the three particles i.e. absorbed photon, 
emitted electron and the phonon, equation can be given below 
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Here, ±  sign indicates the creation and absorption of phonon particle in the lattice vibration 
respectively. 
4. Time interval between interaction of photon and electron and lattice 
vibration in plane mirror reflection 
Light incident on plane mirror is reflected back following the rules of reflection i.e. angle of 
incidence is equal to the angle of reflection and the incident light, reflected light and the 
perpendicular lie on the same plane. If the incident light is along the perpendicular, it is reflected 
back along the perpendicular. Considering the interaction between electron and photon as strong 
gravitational interaction on the surface of the plane mirror, we can calculate the time interval 
between interaction of photon and electron in plane mirror reflection. As we know impulse is 
equal to the change in momentum of the photon which can be given by the equation  
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In the LHS of equation (8), 22 / ee Rc
h
m
νΓ  represents the strong gravitational force between 
electron and photon and 2
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m ∆Γ ν
 represents the impulse. The RHS of equation (8) represents 
the change in momentum ( )( )chch // νν −− . Solving equation (8), we get the value of t∆ as 
given below 
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From equation (9), it is clear that time interval in interaction between electron and photon in 
plane mirror reflection is a constant quantity and is independent of the frequency of the incident 
light. Putting the values of c , eR , Γ , em , in equation (9), we get st 23108908.1 −×=∆ .  
During this phenomenon there is lattice vibration which can be quantized as phonon 
particles. Applying conservation of momentum for the three particles i.e. incident photon, 
reflected photon and the phonon we can write 
                                                
P
hh
λλ ±=
2
                                                                                   (10) 
Equation (10) can be solved to give the value of Pλ  as, 
                                               
2
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In equations (10) and (11) ±  sign indicates the creation and absorption of phonon particle in the 
lattice vibration respectively. 
5. Conclusions 
Finally, we have come to the conclusion that the time interval between incident and scattered 
photon in Raman effect and the time interval between absorbed photon and emitted electron in 
photoelectric effect varies from ~ s2310−  to ~ 2010− s which is calculated by considering the 
interaction between electron and photon as strong gravitational interaction. In case of plane 
mirror reflection, interaction between electron and photon on the surface of the mirror occurs for 
the time interval of the order of s2310− . The result of the above phenomena is lattice vibration 
which can be quantized as phonon particles. Brandl [6] theoretically calculated the absorption 
time for photoelectric effect is roughly 22103/1 −× s, which is within the range of our results. But 
such a short time interval could not be measured experimentally so far. Therefore it is of special 
interest to study these phenomena both theoretically as well as experimentally. 
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